Plasmid-mediated quinolone resistance (PMQR) genes: qnr, aac(6')-Ib-cr, and qepA were investigated among 153 armA and 51 rmtB-positive transconjugants and their 204 clinical isolates of Enterobacteriaceae. Overall, qnrB4 and aac(6')-Ib-cr genes were identified in 52.3% (63 K. pneumoniae, 10 E. coli, 4 E. cloacae, and 3 E. aerogenes) and 24.8% (16 K. pneumoniae, 8 E. coli, 6 S. marcescens, 4 E. cloacae, 3 C. freundii and 1 K. oxytoca) of 153 armA-positive isolates, respectively. Four isolates of K. pneumoniae and two isolates of E. coli positive for armA co-harbored both qnrB4 and aac(6')-Ib-cr. The qepA gene was detected in 11.8% (5 E. coli and 1 K. pneumoniae) of 51 rmtB-positive clinical isolates and their transconjugants. Southern hybridization confirmed the co-localization of qepA and rmtB on a large conjugative plasmid of size between 90 to 170 kb. Inc replicon typing showed that qnrB4/6, aac(6')-Ib-cr, and qepA genes were principally disseminated by IncFIIAs, IncL/M, and IncF plasmids, respectively. This study constitutes the first report of the three known PMQR genes among the 16S rRNA methylase producing Enterobacteriaceae isolates of human origin from Korea.
INTRODUCTION
Quinolone resistance in Enterobacteriaceae mostly results from chromosomal mutations in genes coding for DNA gyrase and topoisomerase IV and changes in outer membrane and efflux proteins or in their regulatory mechanisms (1) . However, since the first plasmid-mediated quinolone resistance (PMQR) gene was reported in 1998 for a Klebsiella pneumoniae isolate from the United States (2), three PMQR genes have been discovered: qnr, aac (6' )-Ib-cr, and qepA. The qnr genes encode proteins of the pentapeptide repeat family that directly protects DNA gyrase and topoisomerase IV from inhibition by quinolone (3, 4) .
At least three families of qnr genes, qnrA, qnrB, and qnrS, have been reported worldwide in various enterobacterial species (2, 5~7) and 6 variants of qnrA, 19 variants of qnrB, and 3 variants of qnrS genes are known (8) . The aac(6')-Ib-cr gene encodes a new variant of common aminoglycoside acetyltransferase that acetylates piperazinyl substituent of some fluoroquinolones, including norfloxacin and ciprofloxacin (9) , and thereby reduces their antibacterial activities. It has been reported to be geographically widespread (10, 11) . It was first reported in 2003 and confers 2-to 4-folds increase in MICs (12) . The novel qepA gene encodes an efflux pump belonging to the major facilitator superfamily. It confers a 32-to 64-fold increase of hydrophilic fluoroquinolone MIC values (13) . It was identified on plasmid pHPA of Escherichia coli C316, which was isolated in 2002 from the urine of an inpatient in Japan (13) , 173 and on plasmid pIP1206 from E. coli 1450, which was isolated in a Belgian hospital (14) . It resides on a putative transposable element along with rmtB gene flanked by two copies of IS26 element on the same transferable plasmid.
Recently, qepA2 gene located on a 90 kb mobilizable plasmid but associated neither to rmtB gene nor to IS26 element, in contrast to those reported from Japan and Belgium, has been reported in a CTX-M-15-positive E.
coli from France (15) .
A series of special methylases that protect microbial 16S rRNA has been identified in several nosocomial pathogens and these enzymes are capable of conferring extraordinary high levels of resistance (MIC >512 mg/l) against most clinically important aminoglycosides including amikacin, isepamycin, arbekacin, kanamycin, tobramycin, and gentamicin (16~18). Since the first identification of gene encoding 16S rRNA methylase, rmtA, from the Pseudomonas aeruginosa isolate in 2003, four major 16S rRNA methylases, armA, rmtB, rmtC, and rmtD have been reported (16~19). In a previous study, we reported a wide spread of armA among various species of Enterobacteriaceae and spread of rmtB among K. pneumoniae and E. coli at a University Hospital, in South Korea. In addition, it was found that transferable plasmids which confer high level resistance to amikacin and carry 16S rRNA methylase genes-armA and rmtB were associated to quinolone resistance (20) . Moreover, to date very few reports are available on the occurrence of novel qepA gene and no data about the prevalence of all the three PMQR genes among the clinical isolates of bacteria producing 16S rRNA methylase from human around the world have been published (3, 15) . Therefore, in this study, the distribution of qnr, aac(6')-Ib-cr, and qepA genes among ArmA-or RmtB-producing Enterobacteriaceae isolates of human were investigated. In addition, to know the mechanism of dissemination of the genes, conjugative plasmids carrying PMQR and 16S rRNA methylase genes were identified by a PCR-based replicon typing of the major plasmid incompatibility groups among Enterobacteriaceae.
MATERIALS AND METHODS

Bacterial strains
One-hundred and fifty three armA-and 51 rmtB-positive and armA), were previously characterized (20) .
PCR amplification and sequencing
DNA templates were prepared by boiling method.
Detection of qnrA, qnrB, and qnrS genes was done by multiplex PCR using primers and conditions as described previously by Robicsek et al. (21) . Subtyping of qnrB gene was done by PCR restriction fragment length polymorphism (RFLP) as described previously (22) . A 415 bp fragment of aac(6')-Ib was amplified as described previously (20) . The primer set used was those described by Shi 
Inc replicon typing
A PCR-based Inc replicon typing was done using plasmid DNA templates as described previously by Carattoli et al. 
R16 (B/O), and R6K (X) were used.
Antimicrobial susceptibility testing
The minimum inhibitory concentrations 
Plasmid preparation and Southern hybridization
Plasmid DNAs were isolated from the aac(6')-Ib-cr and armA-positive as well as qepA-and rmtB-positive transconjugants by the alkaline lysis method (26) . The plasmids from the qepA-and rmtB-positive transconjugants were digested with EcoRI (Takara, Shiga, Japan) and ApaI (Takara) respectively. The whole plasmids as well as digested plasmid DNAs were electrophoresed separately through 0.7% agarose gel, and were transferred onto a positively charged nylon membrane (Boehringer Mannheim, Mannheim, Germany) by capillary transfer. They were then subjected to Southern hybridization using probes specific for qepA and rmtB genes. The whole plasmids from the aac(6')-Ib-cr and armA-positive transconjugants were also subjected to hybridization with aac(6')-Ib and armA probes specific for aac(6')-Ib-cr and armA genes, respectively. A digoxigenin DNA labeling and detection kit (Boehringer Enterobacter cloacae (n = 8)
Enterobacter aerogenes (n = 3)
Serratia marcescens (n = 6)
Citrobacter freundii (n = 3) coli C316 from Japan.
Inc/ replicon typing
In order to identify the conjugative plasmids carrying simultaneously PMQR and armA or rmtB genes, PCRbased replicon typing was done. Of the 77 transconjugants that carry armA and qnr genes simultaneously, IncFIIAs was detected in 16 transconjugants but none of the Inc and rmtB genes revealed that these determinants were apparently co-localized and co-carried on the same plasmid.
The RFLP patterns produced by digestion of plasmids from the transconjugants with EcoRI or ApaI were not similar (Fig. 1B & C) . Nevertheless, hybridization of plasmid DNA fragments with qepA probe after digestion with EcoRI revealed that qepA gene was located on a same ca. 4.5 kb DNA fragment irrespective of plasmid size or species from which the transconjugants were derived (Fig. 1D) . Similarly, hybridization with rmtB probe after digestion with ApaI identified localization of rmtB gene on a same ca. 23 kb plasmid fragment, except in one of the strains (Fig. 1E) .
PFGE analysis
XbaI-PFGE was used to investigate the genetic relatedness of 33 (15 K. pneumoniae, 8 E. coli, 6 S. marcescens,
and 4 E. cloacae) aac(6')-Ib-cr-and armA-positive Enterobacteriaceae isolates that solely carried transferable aac(6')-
Ib-cr genes and five qepA-positive E. coli isolates. The PFGE patterns derived from the K. pneumoniae, E. coli and E. cloacae were heterogeneous among the same species and revealed a great genomic diversity among them. However, the PFGE patterns derived from 5 out of six S. marcescens were indistinguishable, indicating they belonged to the same clone ( Fig. 2A) . On the other hand, five different major patterns were identified among 5 E. coli isolates, indicating that the spread of qepA was not due to the spread of a specific E. coli clone (Fig. 2B) .
DISCUSSION
To date, very few epidemiological surveys have reported the prevalence of all the three PMQR genes, simultaneously from the same set of clinical isolates of Enterobacteriaceae (27) . Even though qnr genes have been reported repeatedly worldwide among various enterobacterial species, the aac(6')-Ib-cr genes have been reported less often than qnr genes although thought to be geographically widespread (7, 10, 11) , and qepA genes have been reported so far only from Japan, Belgium, France, and China and are mostly limited to E. coli strains (13~15, 28~30) . Recently, it has been reported in two E. coli strains and more recently in two clonally unrelated E. aerogenes from South Korea (30, 31) .
The present study demonstrated a high prevalence of three PMQR genes: qnr, aac(6')-Ib-cr, and qepA among 16S rRNA methylase producing Enterobacteriaceae in Korea.
Overall, qnrB4 and aac(6')-Ib-cr genes were identified in 80 (63 K. pneumoniae, 10 E. coli, 4 E. cloacae, and 3 E. In this study, all the plasmids derived from transconjugants carrying qnrB or aac(6')-Ib-cr genes were always armA positive, while those plasmids carrying qepA were always rmtB positive. Our previous study found that armA and qnrB4 genes were co-localized, co-carried, and co-transferred along with other ESBL and/or AmpC-type β-lactamase genes on the same large conjugative plasmid (22) . The association between qepA and rmtB genes in this study is explained by physical linkage of qepA with rmtB genes that was reported in the previous studies (13, 14) . Although coli isolates of the total 6 qepA-and rmtB-positive isolates gave 5 different major patterns indicating that the spread of qepA was not due to the spread of a specific E. coli clone.
Quite recently qnrD was found in Salmonella isolates and qnrC in a clinical isolate of Proteus mirabilis (7, 32) .
This study was limited to investigation of families of qnr genes other than these newly discovered qnr families.
Furthermore, this study was restricted to study of clinical isolates of Enterobacteriaceae in a single University hospital.
In conclusion, this study constitutes the first report of the three known plasmid-mediated quinolone resistance genes among the 16S rRNA methylase producing Enterobacteriaceae isolates of human origin from Korea and their prevalence was found to be high with qnrB, aac(6')-Ib-cr, and qepA in the decreasing order of their frequency. We also found that qnrB4, aac(6')-Ib-cr, and qepA genes are principally disseminated among them through spread of IncFIIAs, IncL/M, and IncF conjugative plasmids, respectively.
